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SPECIFICATION 
AMPLIFIER 

5 TECHNICAL FIELD 
[0001] 

The present invention relates to an amplifier, and more particularly, to 
an amplifier, for use in radio communications to control output power over a 
wide range, which amplifies input power by a plurality of transistors 
10 connected at multiple stages to generate amplified power. 
BACKGROUND ART 
[0002] 

A power amplifier employing an emitter grounded bipolar transistor 
indispensably requires a base bias circuit which operates in a manner close 
15 to a regulated voltage source. A regulated voltage source is more suitable 
for a bias circuit than a regulated current source for reasons set forth below. 
[0003] 

Consider that an RF input is applied to an emitter grounded bipolar 
transistor which is applied with a bias at a base from a regulated voltage 
20 source. When input power is sufficiently small, this emitter grounded bipolar 
transistor presents a small-signal operation, so that its collector current is 
substantially equal to a so-called collector bias current which flows when no 
signal is supplied to an amplifier. 
[0004] 

25 Contrary to the above, as the input power is gradually increased, the 

collector current of the emitter grounded bipolar transistor increases to a 



current several times or more larger than the collector bias current. This 
increase in the collector current realizes higher saturation output and low 
distortions. 
[0005] 

5 On the other hand, when a bias is applied to the base from a regulated 

current source, the collector current is maintained to be hFE times as large 
as the base bias current at all times, so that the collector current will not be 
increased even if the input power is increased. Therefore, when the 
collector bias current is set equivalent to the base bias applied by a regulated 
10 voltage source, gain compression, experienced in large-current operations, 
occurs at lower input power. In other words, the saturation characteristic is 
degraded to cause a reduction in power added efficiency and a degradation 
in linearity. 
[0006] 

15 Also, when the collector bias current is set equivalent to a collector 

current when a base bias is applied by a regulated voltage source and when 
the input power is large, a collector current flows even when no RF signal is 
supplied and the input power is small, thus giving rise to a problem of 
increased power consumption and the like. 

20 [0007] 

For the foregoing reasons, a power amplifier employing an emitter 
grounded bipolar transistor indispensably requires a base bias circuit which 
operates in a manner close to a regulated voltage source. As a 
conventional example of the base bias circuit which operates in a manner 
25 close to a regulated voltage source, there is a first conventional amplifier 
described in Japanese Patent No. 3377675. This is illustrated in Fig. 1 . 
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The operation of this circuit will be described in accordance with an 

embodiment of Japanese Patent No. 3377675. 

[0008] 

Fig. 1 (see Fig. 1 in Japanese Patent No. 3377675) is a circuit diagram 
5 of the first conventional amplifier of Japanese Patent No. 3377675, Fig. 2 
(see Fig. 2 in Japanese Patent No. 3377675) is a graph showing a voltage 
applied to the base of a transistor and to a diode in the circuit illustrated in 
Fig. 1, and Fig. 3 (see Fig. 3 in Japanese Patent No. 3377675) is a graph 
showing input/out When an emitter grounded amplifier comprising a bipolar 

10 transistor is used as a linear amplifier, to provide an applied voltage at B1 
point on the base side, a voltage applied from external voltage source VB is 
converted to an arbitrary voltage value, for example, through a resistor 
division using resistors R1 and R2. and then diode D1 is inserted between 82 
point and 81 point in the figure such that 81 point opposes a cathode 

15 terminal of the diode, as illustrated in Fig. 1.put characteristics of the circuit of 
Fig. 1. Simultaneously, a capacitor C1 is inserted between 82 point and a 
ground potential, such that the resulting impedance value is sufficiently small 
as compared with an impedance when a bias resistor side is viewed from 82 
point, 

20 [0009] 

When the operation point of emitter grounded transistor Tr1 in Fig. 1 is 
set in an A-class region, transistor Tri is in a linear operation state to present 
constant phase excursions for both gain and input/output power when the 
input power has a sufficiently small voltage as indicated by V1 in Fig. 5 (see 
25 Fig. 9 in Japanese Patent No. 3377675), and when the input power has a 
voltage amplitude which does not exceed a potential difference between bias 
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voltage VB1 applied to B1 point and ON voltage Vth of the base-emitter 
diode. However, when voltage amplitude V2 at B1 point increases, as the 
input power increases, and exceeds the potential difference between bias 
voltage VB1 applied to the aforementioned B1 point and ON voltage Vth of 
5 the base-emitter diode, as indicated by V2 in Fig. 5, transistor Tr1 enters a 
non-linear operation state, and cannot maintain the operation point as the A- 
class, so that the power gain gradually decreases. Also, when a voltage 
value at B1 point swings to a potential equal to or lower than ON voltage Vth 
of the base-emitter diode, an ON-state time and an OFF-state time occur 
10 between the base and emitter of the aforementioned transistor Tr1 . 
[0010] 

In the On state, the input impedance of the base-emitter diode is equal 
to that when the A-class operation point is maintained, whereas in the OFF 
state, the input impedance of the base-emitter diode is higher, as compared 

15 with that when the A-class operation point is maintained, causing the voltage 
value at B1 point to largely swing to the negative side in this event. When 
the A-class operation point is maintained, the voltage value at B1 point is 
constant at Vbi, when averaged over time, whereas in the OFF state, the 
voltage value at B1 point is smaller than Vbi , when averaged over time. A 

20 junction capacitance value of the base-emitter diode has voltage dependence. 
Therefore, fluctuations in a voltage applied between the base and emitter 
result in fluctuations in the junction capacitance of the base-emitter diode, so 
that the input impedance of the emitter grounded amplifier presents a value 
different from that when the input power is sufficiently small and the A-class 

25 operation is maintained. 
[0011] 
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On the other hand, the potential at B2 point is determined by a voltage 
value of the regulated voltage source and a division ratio of resistors R1, R2, 
and is not affected by an increase in the input power, so that if the potential at 
B1 point gradually becomes lower than that during the small-signal operation 
5 as mentioned above, a voltage value VBE2 applied across diode D1 shown 
in Fig. 1 gradually increases as shown in Fig. 2. Accordingly, the junction 
capacitance possessed by diode D1 within the bias circuit exhibits 
fluctuations reverse to fluctuations in the junction capacitance of the base- 
emitter diode of the aforementioned emitter grounded transistor Tr1 . 

10 Therefore, as the input power gradually increases, the input power increases 
in amplitude, accompanied with fluctuations in the input impedance of emitter 
grounded transistor Tr1, however, the impedance of diode D1 fluctuates to 
cancel them out, thus making it possible to restrain fluctuations in the input 
impedance of emitter grounded transistor Tr1 and reduce a pass phase 

15 excursion as compared with the conventional circuit. Further, as an 

increase in the voltage value applied across diode D1 causes an increase in 
the value of a current which flows into the base of transistor Tr1 through 
diode D1, the collector current increases, making it possible to solve 
saturated output power at the collector terminal and to increase a reduction in 

20 the power gain as well. 
[0012] 

However, as the input power becomes higher to cause an increase in 
the bias current flowing into diode D1, the voltage becomes lower due to a 
voltage drop caused by resistor R1. and even the potential at 82 point in Fig. 
25 2 becomes lower, so that the circuit can no longer operate as a regulated 
voltage source. There is therefore a first problem that the current flowing 
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through resistor R2 must be increased to such a degree that the current 

flowing into diode D1 can be neglected. 

[0013] 

This first problem is alleviated by a second conventional amplifier of Fig. 
5 4, which is described in Fig. 4 in the same Japanese Patent No. 3377675. 
In Fig. 4, bipolar transistor Tr2 is connected between B2 point of a base bias 
circuit for dividing supply voltage VB with resistors R1, R2 and the base of 
transistor Tr1 such that the base-emitter of transistor R2 is oriented in the 
forward direction, and supply voltage VC is applied to the collector of 
10 transistor Tr2. Capacitor C1 is inserted between point 82 in the base bias 
circuit, i.e., the base terminal of transistor Tr2, and a ground point to present 
an impedance sufficiently smaller than an impedance when bias resistors R1, 
R2 are viewed from the base. 
[0014] 

15 This second conventional amplifier utilizes a PN junction between the 

base and emitter of transistor Tr2, in contrast to that which utilizes a PN 
junction of diode D1 arranged in the base bias circuit illustrated in Fig. 1, 
wherein the operation of the circuit is substantially the same as the first 
conventional amplifier In which diode D1 is arranged in the base bias circuit, 

20 as illustrated in Fig. 1 . However, since the aforementioned transistor Tr2 
forms an amplifier circuit, the base bias current is amplified by this transistor 
Tr2, and is supplied to the base of emitter grounded transistor Trl . It is 
therefore possible to reduce the current which flows into the base bias circuit, 
composed of the aforementioned resistors R1, R2, for generating the original 

25 base bias. 
[0015] 



Though reduced, however, the second conventional amplifier is similar 
to the first conventional amplifier in that it suffers from the first problem that 
the current flowing through resistor R2 must be increased to such a degree 
that the current flowing into the base of transistor Tr2 can be neglected, 
5 Further, since the emitter grounded bipolar transistor exhibits an extremely 
high mutual conductance, the base must be applied with a strictly regulated 
voltage. However, in the first and second bias circuits, which generate this 
voltage through resistance division using resistors R1 , R2, a second problem 
arises in that they are strongly affected by fluctuations in voltage between the 
10 base and emitter due to the temperature, variations attributable to the 
manufacturing, and the like. 
[0016] 

It is a third conventional amplifier described in JP-A-2002-9559 that 
alleviates the first and second problems. Fig. 6 (see Fig. 5 in JP-A-2002- 

15 9559) illustrates a circuit diagram of the third conventional amplifier. In the 
third conventional amplifier, resistor 18 is not directly grounded, but is 
grounded through a reference voltage circuit composed of bipolar transistor 
Tri 9 and bipolar transistor Tr20. The potential at a base of bipolar transistor 
Tr19 is equal to the sum of VBE of bipolar transistor Tr20 and VBE of bipolar 

20 transistor Tri 9. 
[0017] 

This circuit is designed such that the collector current density of bipolar 
transistor Tr20 is equal to the collector current density of power transistor 
Tr22. Therefore, VBE of power transistor Tr20 is equal to VBE of power 
25 transistor Tr22. 
[0018] 
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A base current of power transistor Tr22 is set equal to an emitter 
current of bipolar transistor Tr21 ; a base current of bipolar transistor Tr20 is 
set equal to an emitter current of bipolar transistor Tr19; an emitter area of 
bipolar transistor Tr20 is set equal to that of bipolar transistor Tr19; and an 
5 emitter area of power transistor Tr22 is set larger than that of bipolar 

transistor Tr21 . Accordingly, VBE of bipolar transistor Tr21 is higher than 
VBE of bipolar transistor Tr19. The voltage drop of resistor 18 is equal to 
the difference between VBE of bipolar transistor Tr21 and VBE of bipolar 
transistor Tr19. 
10 [0019] 

Assuming herein that DC current amplification ratios of the transistors 
are all equal to jS for simplicity, 
[0020] 
[Equation 1] 



Here, from the fact that the amplifier is designed such that the collector 
current density of bipolar transistor Tr20 is equal to the collector current 
density of power transistor Tr22. the relationship between ICTr22 and ICTr20 
20 is equal to the relationship between power transistor Tr22 and bipolar 

transistor Tr20 in regard to the area ratio. When S22 designates the area of 
power transistor Tr22, and S20 the area of bipolar transistor Tr20, 
[0021] 
[Equation 2] 



15 




25 



15 
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When j3 »1 , the circuit serves as a current source with ICTr22 =^ 

(S22/S20)lref. 
[0022] 

5 This circuit can alleviate the aforementioned second problem because 

changes in VBE's due to the temperature and variations attributable to the 
manufacturing cancel each other out. Also, in regard to the aforementioned 
first problem, the circuit can operate in a manner close to a regulated voltage 
source because a reduction in VBE of power transistor Tr22 does not affect 

10 VBE of bipolar transistor Tr20, and they do not cancel each other out. 
[0023] 

Here, Iref is given by: 

[0024] 
[Equation 3] 



VB -VBE,,,, -VBE,,,, 



and is therefore affected by fluctuations in VBE. 
[0025] 

However, the bias circuit of the second conventional amplifier Illustrated 
20 in Fig. 4 has the first problem that the current flowing through resistor R2 
must be increased to such a degree that the current flowing into the base of 
transistor Tr2 can be neglected, whereas in the bias circuit of the third 
conventional amplifier in Fig. 6, since the value of Iref can be reduced if a 
large area ratio is selected, the value of R17 can be increased to keep 
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fluctuations small. 
[0026] 

The foregoing consideration has been made in regard to an amplifying 
transistor biased to A-class in accordance with an embodiment of Japanese 

5 Patent No. 3377675. In the following, a description will be given of those 
conventional amplifiers when they are biased to B-class or to AB-class close 
to B-class. In CDMA portable telephone terminals such as W-CDMA, output 
power is controlled in excess of 50 dB in order to avoid a near-far problem 
(problem that communications cannot be made with a remote terminal due to 

10 the influence of radiowaves from neighboring terminals). Therefore, 

communications are made with low power at an increased frequency in a 
region where a large number of base stations are installed. The ratio of 
power consumption to the output power in low-power transmission is lower 
as the operation of an amplifier is brought closer to B-class from A-class. In 

15 other words, a higher power added efficiency is provided as the amplifier is 
operated in a state closer to B-class. 
[0027] 

Consider now a case in which an emitter grounded amplifier circuit 
which operates in a manner close to B-class is biased by the aforementioned 

20 bias circuit of the first to third conventional amplifier which operates in a 

manner close to a regulated voltage source. The emitter grounded amplifier 
circuit, which is biased in a state close to B-class, causes a gain extension, 
as shown in Fig. 7, because the base current increases with the input power 
increasing, due to the rectifying action of the base-emitter diode. 

25 [0028] 

The gain fluctuates when this amplifier having the gain extension 
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characteristic is applied with a broadband modulated signal associated with a 
change in power, such as a W-CDMA signal, wherein a third problem arises 
in that the fluctuations in the gain cause a signal distortion. As shown in Fig. 
8, this signal distortion appears to be interfering waves to adjacent channels 
5 next to a communications channel. The ratio of a signal strength on the 
communications channel to the strength of the interfering waves to the 
adjacent channels is called "adjacent channel power ratio" (ACPR). 
[0029] 

As conventional examples for solving the third problem, there are 
10 distortion canceling approaches as proposed in JP-A-2000-1 83663, JP-A- 
2002-111400, JP-A-2002-171145, and JP-A-1 0-1 35750. These approaches 
has a point common to them in that, as opposed an amplification stage 
having a gain extension characteristic shown at a second amplification stage, 
another amplificatipn stage shown at a first amplification stage is designed to 
IS have a gain compression characteristic, thereby canceling out gain 

fluctuations of the two parties to reduce distortions, as illustrated in Fig. 9. 
In the following, a description will be given of the cancellation of distortions 
with the gain extension amplification stage and gain compression 
amplification stage. 
20 [0030] 

The amplification characteristic of an arbitrary amplifier is Taylor 
expanded as shown below: 
[0031] 
[Equation 4] 

25 

Vo.-I,a„v;: (4) 

n 



[0032] 

When this amplifier is applied with two sinusoidal waves given by: 
[0033] 
[Equation 5] 

5 

= A{sin co^t + sin eyjO (5) 

changes occur in the main signal and the distortion component due to the 
non-linearity of the amplifier 
10 [0034] 

When (5) is substituted into (4). and Equation (4) is calculated until n=5, 
a component at a frequency co ^ of Vout is given by: 
[0035] 
[Equation 6] 

15 

\ ( 9 25 ^ 

VoutU =1 ^i^ + -«3^^+^«5^Jsinfl>,r (6) 

[0036] 

Among coefficients of sin, ai A represents an amplification ratio (i.e., 
gain), and the others represent fluctuations in the gain with respect to an 
20 input amplitude (i.e., whether gain extension or gain compression). Also, a 
frequency component 2 co co 2 of Vout is given by: 
[0037] 
[Equation 7] 

( 3 25 ^ 

Vou,\(2^,.o,)=\-^az^^ +ya5^Msin(2ty, -oj^)t (7) 

25 [0038] 



(7) expresses a third inter-modulation distortion (IM3) component of 
Vout- Here, when ai. as, as have the same sign, (6) shows the gain 
extension characteristic, where the gain increases together with input 
amplitude A over a wide range of A. Also, under the same condition, sin in 
5 (7) has the same coefficients as those of sin in (6). Defined this way, a 
basic wave matches IMS in phase. 
[0039] 

Generally, the phase cannot be defined regarding signals having a 
different frequency, but in this event, the signal shown in (5) is used for the 

10 input, two waves spaced by frequency ( co 2- co ^)I2 n from each other match 
in phase every 2 tc /( co 2- co ^) seconds. In the same way, since the basic 
wave and IMS spaced by ( co 2- i)/2 tu from each other have the same phase 
angle every 2 tc /( co 2- a> 1) seconds, they are defined by terms "in-phase" and 
"opposite phase." (6), (7) show that the basic wave and IMS match in phase 

15 when the gain extension prevails in a wide range of input power. 
[0040] 

Here, a distortion canceling phenomenon occurs if the phase of IMS 
generated by amplifying distortions of the preceding stage at the subsequent 
stage differs by ±90 degrees from the phase of IMS generated by amplifying 
20 the basic wave at the subsequent stage. As such, in the following, the 
phase angle within ±90 degrees between the basic wave and IMS is 
expressed by "in phase," and the phase angle larger than ±90 degrees is 
expressed by "in opposite phase" for simplicity. 
[0041] 

25 Fig 10 shows, as an example, the relationship of the phase between 

the basic wave and IMS signal when the third conventional amplifier 



illustrated in Fig. 6 is biased to AB-class close to B-class for analysis. Here, 
the nnagnitude of the IM3 signal is enlarged by a factor of ten for purposes of 
illustration because it is small as compared with the basic wave. The 
absolute value of the phase does not have meaning in particular because it 
5 simply represents a delay of input/output. Fig. 11 in turn shows the 
appearance of the gain extension in that event. 
[0042] 

An input power range drawn in Fig. 10 is indicated by arrows in Fig. 11. 
In many cases, the basic wave is in phase with 1M3 in amplifiers which 

10 exhibit the gain extension characteristic. Fig. 13 shows an exemplary 
relationship of the phase between the basic wave and IMS signal when an 
analysis is made employing a gain extension amplifier which uses a gain 
variable amplifier and a multiplier in Fig. 12. Here, the magnitude of IM3 is 
again enlarged by a factor of ten for purposes of illustration. As shown, the 

15 basic wave is in phase with IM3. Also, Fig. 14 shows the appearance of the 
gain extension in that event. Fig. 14 shows the gain extension characteristic. 
[0043] 

Conversely, in many cases, the basic wave is in opposite phase to IM3 
in amplifiers which exhibit the gain compression characteristic. As is the 

20 case with the gain extension amplifier, Fig. 15 shows an exemplary phase 
relationship between the basic wave and IM3 signal when an analysis is 
made employing a gain extension amplifier which uses the variable gain 
amplifier (used with the reversed control characteristic of a gain control 
terminal) and multiplier in Fig. 12. Here, the magnitude of IM3 is again 

25 enlarged by a factor of ten for purposes of illustration. As shown, the basic 
wave is in opposite phase to IM3. Also, Fig. 16 shows the appearance of 
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gain extension. Fig. 16 shows the gain compression characteristic. 
[0044] 

Specifically, distortions can be reduced by a combination of the gain 
extension amplification stage with the gain compression amplification stage 
5 because the phase angles of the basic wave and IM3 are inverted at 
respective stages, so that IMS, generated at the preceding stage and 
amplified at the subsequent stage, has a phase opposite to IMS generated by 
amplifying the basic wave at the subsequent stage to cancel them out. 
[0045] 

10 The respective conventional examples attempt to reduce distortions in 

the following manner. First, in the conventional example described in JP-A- 
2000-183663, a gate bias to an FET amplifier circuit is set to B-class to have 
the gain extension characteristic at a first amplification stage illustrated in Fig. 
9. while a gate bias to an FET amplifier circuit is set to AB-class to have the 

15 gain compression characteristic at a second amplification stage, thereby 
canceling out the gain extension characteristic and gain compression 
characteristic so as to reduce distortions. 
[0046] 

Next, in the conventional example described in JP-A-2002-111400, a 
20 base bias to an HBT amplifier circuit is set to AB-class to have the gain 

extension characteristic at the first amplification stage in Fig. 9, while a gate 
bias to an HBT amplifier circuit is set to A-class to have the gain compression 
characteristic at the second amplification stage, thereby canceling out the 
gain extension characteristic and gain compression characteristic so as to 
25 reduce distortions. 
[0047] 

15 



Then, in the conventional example described in JP-A-2002-171145, a 
gate bias to an MES amplifier circuit is set to A-class to have the gain 
compression characteristic at the first amplifier stage in Fig. 9, while a gate 
bias to a MOS amplifier circuit is set to AB-class to have the gain extension 
5 characteristic at the second amplification stage, thereby canceling out the 
gain extension characteristic and gain compression characteristic so as to 
reducQ distortions. 
[0048] 

Finally, in the conventional example described in JP-A-1 0-1 35750, a 
10 base bias to an HBT amplifier circuit is set to AB-class or C-class to have the 
gain extension characteristic at the first amplification stage in Fig. 9, while a 
gate bias to an HBT amplifier is set to A-class to have the gain compression 
characteristic at the second amplification stage, thereby canceling out the 
gain extension characteristic and gain compression characteristic so as to 
15 reduce distortions. 
[0049] 

For simplicity, these conventional examples are collectively called the 
"fourth conventional amplifiers." These fourth conventional amplifiers 
combine the gain extension amplification stage with the gain compression 
20 amplification stage to reduce distortions, and therefore have a fourth problem 
of the inability to apply an amplifier that exhibits the gain extension 
characteristic with good power added efficiency at low output to all 
amplification stages. 
[0050] 

25 In addition, as conventional examples which attempt to reduce 

distortions by canceling out phase-rotated distortion components, there is a 
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differential frequency injection technique, as proposed by Japanese Patent 

No. 3337766. and JP-A-2003-338713. 

[0051] 

Fig. 17 is an explanatory diagram for distortion compensation through 
5 second-order distortion (differential frequency) injection, shown in Fig. 9 of 
Japanese Patent No. 3337766. By Injecting a differential frequency into a 
non-linear element, phase-rotated distortion components are canceled out. 
[0052] 

Assuming in (4) that an input signal Is given by the sum of two 
10 sinusoidal waves and a differential frequency therebetween as given by: 
[0053] 
[Equation 8] 

= A{sin (D^t + sin (o^t + D 005(0^2 ~ ^\ (8) 
15 (8) is substituted into (4), and Equation (4) is calculated until n=5. Then, a 
component of a basic wave ( co 1) of Vout resulting from the non-linearity of 
the amplifier is given by: 
[0054] 
[Equation 9] 

20 

V I 
(9) 

25 [0055] 
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Also, an IM3(2 co i- co 2) component of Vout is given by: 
[0056] 

[Equation 10] 

V I 

o«/|(2<»,-fi>2) 

xsin(2<», - C02y 

(10) 

[0057] 

It can therefore be understood that an IM3 component shown in 
Equation 10 can be reduced in certain input amplitude A by selecting injection 
10 amount D to be a (negative) proper value. However, since injection amount 
D cannot be selected to reduce IMS independently of the value of input 
amplitude A, it is necessary to optimize the injection amount by any method 
such as feed-back, feed-fonA/ard or the like. 
[0058] 

15 For simplicity, the conventional examples of Japanese Patent No. 

3337766 and JP-A-2003-338713 are collectively called the "fifth conventional 
amplifiers." The fifth conventional amplifiers have a fifth problem that the 
injection amount must be adjusted by feed-back, feed-forward or the like 
because the optimal injection amount depends on the input amplitude. 

20 [0059] 

In summarizing the foregoing, the prior arts have the following problems. 
[0060] 

As the third problem mentioned above, the first to third conventional 
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amplifiers have a drawback in which signals are distorted due to the gain 
extension when they are used as biased in a state close to B-class in order to 
increase the power added efficiency at low output. 
[0061] 

Also, as the fourth problem mentioned above, the fourth conventional 
amplifier has a drawback of the inability to employ the amplification stage, 
which exhibits a good power added efficiency at low output, at all stages due 
to the third problem mentioned above. 
[0062] 

Then, as the fifth problem mentioned above, the fifth conventional 
amplifier has a drawback that there is a requirement for adjustment of the 
injection amount through feed-back, feed-forward or the like in the injection of 
a differential frequency signal due to the dependence of an optimal injection 
amount on the input amplitude. 
DISCLOSURE OF THE INVENTION 
[0063] 

It is a first object of the present invention to provide means for inverting 
distortions for an amplification stage having a gain extension characteristic. 
[0064] 

It is a second object of the present invention to provide an approach for 
employing amplification stages having a gain extension characteristic by 
biasing to a state close to B-class with high power added efficiency at low 
output at all stages of a multi-stage amplifier. 
[0065] 

It is a third object of the present invention to provide an approach for 
employing amplification stages having the gain extension characteristic by 
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biasing to a state close to B-class at all stages of a multi-stage amplifier 
without conducting optimal amount control through feed-back, feed-fon/vard 
or the like. 
[0066] 

5 An amplifier of the present invention has a gain extension characteristic 

which presents an increase in gain in response to an increase in input power 
or output power in a certain range of the input power or the output power, 
wherein the amplifier is characterized by having an output characteristic that, 
when the amplifier is applied with two wave signals at close frequencies, the 
10 phase of a third-order inter-modulation distortion rotates 90 degrees or more 
from the phase of the two wave signals at the instant at which the two wave 
signals match in phase. 
[0067] 

According to the present invention, distortions at respective stages can 
15 cancel out each other in a multi-stage amplifier. Also, an amplification stage 

biased in a state close to B-class, which exhibits high power added efficiency 

at low output, can be used at all stages of the multi-stage amplifier 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0068] 
20 [Fig. 1] 

A circuit diagram for describing a first conventional amplifier. 
[Fig. 2] 

A diagram for describing a potential difference at each point with 
respect to the input power of the first conventional amplifier. 
25 [Fig. 3] 

A diagram for describing fluctuations in gain and phase with respect to 



the input power of the first conventional amplifier. 
[Fig. 4] 

A circuit diagrann for describing a second conventional amplifier. 
[Fig. 5] 

5 A diagram for describing the first conventional amplifier. 

[Fig. 6] 

A circuit diagram for describing a third conventional amplifier. 
[Fig. 7] 

A circuit diagram for describing a gain extension characteristic. 
10 [Fig. 8] 

A diagram for describing an adjacent channel power ratio (ACPR). 
[Fig. 91 

A diagram for describing a fourth conventional amplifier. 
[Fig. 10] 

15 A phase relationship between a basic wave and an IMS signal is shown 

when the third conventional amplifier is biased to AB-class close to B-class. 
[Fig. 11] 

A diagram for describing the relationship between input power and gain 
when the third conventional amplifier is biased to AB-class close to B-class. 
20 [Fig. 12] 

A circuit diagram for describing a gain extension amplifier. 
[Fig. 13] 

A diagram for describing a phase relationship between a basic wave 
and distortions in a general gain extension amplifier. 
25 [Fig. 14] 

A diagram for describing the relationship between input power and gain 
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when a gain extension amplifier is created using the circuit of Fig. 12. 
[Fig. 15] 

A diagram for describing a phase relationship between a basic wave 
and distortions in a general gain compression amplifier. 
5 [Fig. 16] 

A diagram for describing the relationship between input power and gain 
when a gain compression amplifier is created using the circuit of Fig. 12. 
[Fig. 17] 

A diagram for describing a fifth conventional amplifier. 
10 [Fig. 18] 

A diagram for describing a phase relationship between a basic wave 
and distortions in the second conventional amplifier circuit. 
[Fig. 19] 

A diagram for describing the relafionship between output power and 
15 gain in the second conventional amplifier circuit. 
[Fig. 20] 

A diagram for describing the relationship between the base-emitter 
voltage of transistor Tri and the emitter current of transistor Tr2 in the second 
conventional amplifier circuit. 
20 [Fig. 21] 

A diagram for describing a phase relationship between the basic wave 
and distortions in the second conventional amplifier circuit. 
[Fig. 22] 

A diagram for describing the relationship between the output power and 
25 gain in the second conventional amplifier circuit. 
[Fig. 23] 
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A diagram for describing a phase relationship between the basic wave 
and distortions in the second conventional amplifier circuit. 
[Fig. 24] 

A diagram illustrating a first embodiment of the present invention. 
5 [Fig. 25] 

A circuit diagram for describing a second embodiment of the present 
invention. 
[Fig. 26] 

A diagram for describing a phase relationship between a basic wave 
10 and distortions in the second embodiment of the present invention. 
[Fig. 27] 

A diagram illustrating the second embodiment of the present invention. 
[Fig. 28] 

A circuit diagram for describing the second embodiment of the present 
15 invention. 
[Fig, 29] 

A diagram for describing a phase relationship between the basic wave 
and distortions in the second embodiment of the present invention. 
[Fig. 30] 

20 A diagram illustrating a third embodiment of the present invention. 

[Fig. 31] 

A diagram illustrating a fourth embodiment of the present invention. 
[Fig. 32] 

A diagram illustrating a fifth embodiment of the present invention. 
25 [Fig. 33] 

A diagram illustrating a sixth embodiment of the present invention. 
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[Fig. 341 

A circuit diagram for describing the sixth embodiment of the present 
invention. 

[Fig. 35] 

5 A diagram for describing a phase relationship between a basic wave 

and distortions in the sixth embodiment of the present invention. 
[Fig. 36] 

A diagram for describing the relationship between an instantaneous 
ground of an emitter potential of transistor 26 and a current supplied to an 
10 emitter of the same transistor 26 in the sixth embodiment of the present 
invention. 
[Fig. 37] 

A diagram illustrating a concept of distortion cancellation in a multi- 
stage amplifier in a seventh embodiment of the present invention. 
15 [Fig. 38] 

A diagram illustrating the seventh embodiment of the present invention. 
[Fig. 39] 

A circuit diagram for describing the seventh embodiment of the present 
invention. 
20 [Fig. 40] 

A circuit diagram for describing the seventh embodiment of the present 
invention. 
[Fig. 41] 

A diagram for describing distortion cancellation according to the 
25 seventh embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 
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[0069] 

The principles of the present invention will be first described. 
[0070] 

An amplifier of the present invention is an amplifier which amplifies 
5 input power to generate output power, and which has a gain extension 

characteristic which presents an increase in gain in response to an increase 
in the input power or the output power within a certain range of the input 
power or the output power, and the amplifier is characterized by having a 
mechanism located at an input for compressing an amplitude at high 
10 frequencies. 
[0071] 

When the present invention is used in a multi-stage amplifier, the multi- 
stage amplifier amplifies input power to generate output power, and 
comprises at least two or more amplification stages that have the gain 

15 extension characteristic which presents an increase in gain in response to an 
increase in the input power or the output power within a certain range of the 
input power or the output power, and is characterized in that at least one 
stage of the amplification stages other than a final stage has a mechanism 
located at an input for compressing an amplitude at high frequencies (in a 

20 gain extension power range). 
[0072] 

The conventional example illustrated as the fourth conventional 
amplifier attempts to reduce distortions by combining a gain extension 
amplification stage with a gain compression amplification stage. While this 
25 relationship is established in many amplifiers, it is not necessarily essential 
that distortions can be reduced if the gain extension amplification stage is 
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combined with the gain compression amplification stage. This is because 
the characteristic of the amplifier in Equation 4 is that it just indicates the 
relationship in which an instantaneous input value will assume the value of 
an instantaneous output value, and does not include an effect of extending 
5 the gain, resulting from an increase in bias amount associated with the 

increase in input power, when the amplifier is biased, for example, close to B- 

class. 

[0073] 

In other words, this means that even with an amplifier with a bias close 
10 to B-class. which extends the gain, that results from an increase in bias 

amount associated with an increase in average input power, the basic wave 
and IM3 can be inverted in phase by changing the relationship between the 
instantaneous input value and instantaneous output value. In the amplifier 
of the present invention, by providing an amplitude compression 
15 characteristic which presents a compression in instantaneous amplitude at an 
input of the amplifier, distortions are canceled out between an amplification 
stage, which has a gain extension characteristic and a characteristic in which 
a basic wave and IMS have opposite phases to each other, and a normal 
amplification stage, which has the gain extension characteristic and has a 
20 characteristic in which a basic wave and IMS are in phase, and distortions 
that appear in an output are thus reduced. Consequently, an amplification 
stage which is biased to a state close to highly efficient B-class at low output 
can be used at all stages of the amplifier. 
[0074] 

25 In order to explain these actions in greater detail, a description will be 

given of an example in which terminal B2 is biased by a regulated voltage 



source in the second conventional amplifier illustrated in Fig. 4 (the 
aforementioned first problem in which there is a reduction in the potential at 
B2 caused by an increase in the input power is avoided by biasing B2 by the 
regulated voltage source. In addition, the second problem related to 
5 temperature and variations attributable to manufacturing is not taken into 
account here). When the second conventional amplifier is used with a bias 
close to B-class, the amplifier can invert distortions in a gain extension region 
if certain conditions are satisfied. 
[0075] 

10 The conditions specify that the size of bias supply transistor Tr2 is 1/1 0 

or more as large as that of amplifying transistor Trl , and that an input 
amplitude is large to some degree. Fig. 18 shows a phase relationship 
between a basic wave and IMS when amplifier A is analyzed on the 
assumption that amplifier A presents the ratio of the area of Trl to the area of 

15 Tr2 equal to 5:1 . IM3 is enlarged by a factor of 50 for purposes of 

illustration. When the input is small, IM3 is initially generated in the same 
direction as the basic wave, and then is inverted to be reverse to the basic 
wave. Fig. 19 shows the relationship of output power versus gain in this 
event. A power range shown in Fig. 18 is extended in gain to output power 

20 of 16 dBm or less, so that the basic wave and IM3 have opposite phases to 
each other even in a gain extension power range. 
[0076] 

The phase of IMS is inverted when the amplitude is large for the 
following reason. Fig. 20 shows the relationship between an instantaneous 
25 value of VBE of transistor Trl and a current supplied from the emitter of 
transistor Tr2. This diagram shows load lines, which represent an internal 
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impedance of transistor Tr2. Two lines shown in the figure represent load 
lines near a maximum amplitude (at the moment at which two frequencies 
are just added to each other) when two frequencies are supplied to provide 
16 dBm and 6 dBm at the output. As will be seen from the figure, it is 
understood that, as compared with a small amplitude, when a large 
amplitude is supplied, the output impedance of Tr2 is extremely small when 
the base potential is reduced. 
[0077] 

This change in impedance causes part of the input signal to leak to the 
bias circuit, resulting in a compressed instantaneous value of amplitude and 
inverted phases of the basic wave and IMS in the output. 
[0078] 

Assume novy that amplifier B is an amplifier in which the area of Tr1 is 
increased by a factor of 7.2 and the ratio of the area of Tr1 to the area of Tr2 
is set to be 36:1 . Then, Fig. 21 shows a phase relationship between the 
base wave and IM3 when amplifier B is analyzed. Likewise, IMS is enlarged 
by a factor of 50 for purposes of illustration. Fig. 22 shows the relationship 
of output power versus gain in this event. A power range shown in Fig. 21 is 
extended in gain to output power of 16 dBm or less. In this event, the basic 
wave and IMS are in phase. This is because the extended area of Tri 
results in a lower input impedance to the base of Tri, thus making the 
influence less visible when the impedance of the bias circuit changes to be 
smaller. This can translate as follows. Since a reducfion in the base 
impedance of Tri causes the voltage amplitude to be smaller with the same 
input power, the input power becomes equivalently higher in order to swing 
the amplitude until the output impedance of Tr2 is reduced. 
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[0079] 

Here, when the basic wave and IM3 have opposite phases to each 
other in an input power range in amplifier A, while the basic wave and IM3 
are in phase in amplifier B, it seems that distortions can be reduced in a two- 
5 stage amplifier which employs amplifier A at the front stage and amplifier B at 
the rear stage, but this is not true. Since it can be seen from Fig. 22 that the 
gain is approximately 14 dB when the output is 16 dBm, input power of 2 
dBm is applied to amplifier B. Fig. 23 shows the relationship between the 
basic wave and IM3 when amplifier A generates output power of 2 dBm. In 
10 this event, since the basic wave and IM3 are in phase, IM3 generated in 

amplifier A and amplified by amplifier B is added to IM3 generated in amplifier 

B to increase distortions. 

[0080] 

Here, in the amplifier of the present invention, by causing the input 
15 impedance on the amplifying transistor side to appear large when viewed 
from the input terminal, the basic wave and IM3 have opposite phases to 
each other from a lower input amplitude, so that distortions can be canceled 
out by the amplifier at the rear stage in which the basic wave and IM3 are in 
phase. Consequently, the amplification stage biased to a state close to B- 
20 class, which is highly efficient at low output, can be used at all stages. 
[0081] 

Further, when the present invention is used in a multi-stage amplifier, 
distortions generated at a former stage are canceled out by distortions 
generated at a later stage. Generally, since IM3 increases three times more 
25 than an increase in input power, the amount of distortion at the fomier and 
later stages increase in association. Thus, according to the present 
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invention, a distortion reduction effect can be provided over a wide range of 
input power without conducting optimal control In accordance with the input 
power such as feed-back, feed-fonvard or the like. 
[0082] 

Consider now that a triple wave of a main signal Is injected, as an 
example which can reduce distortions of a gain extension amplifier by 
providing amplitude compression at an input unit. 
[0083] 

In (4), assume that an input signal Is the sum of a sinusoidal wave 
comprising two waves and a triple wave thereof as expressed by: 
[0084] 

[Equation 11] 

= A{sin a^t + sin CD-^t + D{sm 3co^t + sin Seo^t)} (11) 
When the triple wave is added to the sinusoidal wave, the triple wave has a 
peak value In opposite phase at a peak value of the basic value, so that the 
maximum amplitude is compressed. 
[0085] 

When (11) is substituted into (4), and Equation (4) Is calculated until 
n=5, a component of the basic wave (wi) of Vout caused by the non-linearity 
of the amplifier is given by: 
[0086] 

[Equation 12] 
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[0087] 

On the other hand, an IM3(2a}i-co2) component of Vout is given by: 
5 [0088] 

[Equation 13] 



|(20li-<»2) 

(13) 

10 [0089] 

It is therefore understood that when a proper value is selected for 
injection amount D, the IMS component, given by (13), can be reduced in 
input amplitude A. In this event, unlike (10), each term can be 
independently eliminated. For example, when D=0.5, an as term in IM3 is 
15 zero. Accordingly, distortions can be reduced over a relatively wide range of 
input amplitude A even if the injection amount is fixed to a certain value. 
[0090] 

In the following, specific embodiments will be described. 
[0091] 

20 (First Embodiment) 

Fig. 24 is a diagram illustrating an amplifier which inverts the phase of 
IM3 with respect to a basic wave according to a first embodiment of the 
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present invention. Amplifying transistor 1 forms an emitter grounded 
amplifier circuit, where transistor 1 has a base, through impedance element 2, 
which is connected to input matching circuit 3 and to a cathode of bias supply 
diode 4- Bias supply diode 4 has an anode connected to reference power 
5 supply 5 which presents a sufficiently low impedance at high frequencies. 
Transistor 1 has a collector connected to collector power supply 7 through 
load 6 and to output terminal 9 through output matching circuit 8. 
[0092] 

Fig. 24, which illustrates this embodiment, corresponds to Fig. 1 which 
10 illustrates the first conventional example. In comparing the first embodiment 
illustrated in Fig. 24 with the first conventional example of Fig. 1, bias supply 
diode D1 has the cathode connected directly to the base terminal of 
amplifying transistor Tr1 in the prior art, whereas bias supply diode 4 has the 
cathode connected to amplifying Tr1 through impedance element 2 in this 
15 embodiment. By connecting impedance element 2, the input impedance of 
amplifying transistor 1 is made to appear high, as viewed from input terminal 
10, thus achieving a state in which the basic wave and IM3 have opposite 
phases to each other from low input power. Here, since the bias is supplied 
to amplifying transistor 1 through impedance element 2, this impedance 
20 element 2 does not block a DC current. Since this embodiment is 

substantially identical to in effect and operation a second embodiment, later 
described, they will be jointly described in the second embodiment. 
[0093] 

(Second Embodiment) 
25 Fig. 27 is a diagram illustrating an amplifier which inverts the phase of 

IM3 with respect to the basic wave according to a second embodiment of the 
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present invention, and corresponds to Fig. 4 of the second conventional 
example. This embodiment uses the base-emitter of bias supply transistor 
11 instead of diode 4 in the first embodiment. Therefore, the effect and 
operation are the same as those of the first embodiment. This embodiment 
5 alleviates the aforementioned second problem in which, when reference 
power supply 5 is implemented by a resistor, the resistor causes a voltage 
drop. In this embodiment, since the bias is also supplied to amplifying 
transistor 1 through impedance element 21, this impedance element 21 does 
not block any DC current. Since this embodiment is substantially identical to 
10 the aforementioned first embodiment in effect and operation, they will be 
jointly described below in this embodiment. 
[0094] 

Fig. 25 is a diagram for describing the second embodiment of the 
present invention, giving a more specific example. For applying the 

15 description to the first embodiment, the base-emitter of bias supply transistor 
11 is regarded as replaced with bias supply diode 4. Fig. 25 illustrates a 
more specific example which employs a parallel circuit of resistor 13 and 
capacitor capacitance 14 as impedance element 2. Also, used for reference 
power supply 5 was reference power supply 35 which is similar in 

20 configuration to the third conventional amplifier illustrated in Fig. 6. However, 
the base of bias supply transistor 11 was grounded using capacitance 19 so 
as to present a sufficiently low impedance in regard to high frequencies. 
[0095] 

A GaAs hetero-junction bipolar transistor (HBT) was used for a 
25 transistor model for analysis, and five unit HBT*s each having an emitter area 
of 120 n m2 connected in parallel were used for amplifying transistor 1 , 
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resistor 1 3 of impedance element 2 was comprised of five 250 Q resistors 
connected in parallel, which also serve as a ballast resistor of transistor 1, 
and five 0.8-pF capacitances were connected in parallel to fomi capacitance 
14 of impedance element 2. An HBT having an emitter area of 120 ju m2 
5 was used for bias supply transistor 11 . An HBT having an emitter area of 30 
/z m2 was used for transistor 15, 16 of reference power supply 35. A 2-pF 
capacitance was used for capacitance 19 within reference power supply 35. 
A wire line having a length of one quarter wavelength with respect to the 
basic wave was used for load 6, and 3.5-V regulated voltage sources were 
10 used for collector power supply 7 and bias power supply 12. 
[0096] 

Fig. 26 shows the relationship between the basic wave and IM3 when 
the output power was 2 dBm, that resulted from an analysis in which the 
circuit parameters of reference power supply 35 and control power supply 20 

15 were set such that the collector current of amplifying transistor 1 was 5 mA 
when no input signal was applied from input terminal 10, and in which two 
waves, f1=1948 (MHz) and f2=1952 (MHz) were applied as the basic wave. 
Here, the magnitude of IM3 is enlarged by a factor of 50 for purposes of 
illustration. IM3 is in opposite phase to the basic wave. 

20 [0097] 

Under completely the same conditions, either of 1: when a wire which 
directly connects the emitter of bias supply transistor 11 to capacitor 14 within 
impedance element 2, is disconnected, 2: when impedance element 2 is 
removed, the emitter of bias supply transistor 11 is directly connected to the 
25 base of amplifying transistor 1 , and a ballast resistor of 2.2 Q (^250/ i3 Q ) is 
employed and connected to the emitter side; and 3: when capacitor 19 within 
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reference power supply 35 is removed, in the circuit diagram of Fig. 25, an 
emitter output impedance of bias supply transistor 11 becomes higher with 
respect to a base input impedance of amplifying transistor 1 , as viewed from 
input terminal 10 (outlet of input matching circuit 3) for high frequencies, so 
5 that IM3 is in phase with the basic wave when the output power is 2 dBm. 
[0098] 

Fig. 28 is a diagram illustrating another example for more specifically 
describing the second embodiment of the present invention, where inductor 
22 is used for impedance element 21. Likewise, for applying the description 

10 to the first embodiment, the base-emitter of bias supply transistor 11 is also 
regarded herein as replaced with bias supply diode 4. Fig. 29 shows the 
relationship between the basic wave and IM3 when the output power is 2 
dBm, that results from an analysis that was made under the same conditions 
as the first embodiment except that 50-nH inductor 22 was used for 

15 impedance element 21 , and a ballast resistor of 2.2 Q (=250/ j3 Q ) was 
employed and connected in parallel on the emitter side. Here, the 
magnitude of IM3 is enlarged by a factor of 50 for purposes of illustration. 
IMS is in opposite phase to the basic wave. 
[0099] 

20 Here, in comparing the ratio of the magnitude of IM3 to the magnitude 

of the basic wave in this embodiment illustrated in Fig. 29 with the ratio of the 
magnitude of IM3 to the magnitude of the basic wave in the conventional 
example illustrated in Fig. 23, this embodiment provides a larger proportion of 
the magnitude of IM3 to the basic wave. This means that the present 

25 invention provides a technique for reducing distortions in a multi-stage 

amplifier but this is not necessarily a technique for reducing distortions in a 
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single-stage amplifier. 
[0100] 

Under completely the same conditions as this embodiment, either of 1 : 
when inductor 22, which is an impedance element, is removed, and 2: the 
capacitance within reference power supply 25 is removed, in the circuit 
diagram of Fig. 28, an emitter output impedance of bias supply transistor 11 
becomes higher with respect to a base input impedance of amplifying 
transistor 1, as viewed from input temriinal 10 (outlet of input matching circuit 
3) for high frequencies, so that IM3 is in phase with the basic wave when the 
output power is 2 dBm. 
[0101] 

(Third Embodiment) 

Fig. 30 is a diagram illustrating an amplifier which inverts the phase of 
IM3 with respect to the basic wave according to a third embodiment of the 
present Invention. Amplifying transistor 1 forms an emitter grounded 
amplifier circuit, where the base of transistor 1 is biased by bias supply diode 
23. Also, the same transistor 1 has a base connected to input matching 
circuit 3 and bias supply diode 24 through Impedance element 25. Anodes 
of Bias supply didoes 23 and 24 have their anodes connected to reference 
power supply 5. Transistor 1 has a collector which is connected to collector 
power supply 7 through load 6 and which is also connected to output terminal 
9 through output matching circuit 8. 
[0102] 

Since this embodiment is identical in effect and operation to a fourth to 
a sixth embodiment, later described, they will be jointly described in the sixth 
embodiment. 
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[0103] 

(Fourth Embodiment) 

Fig. 31 is a diagram illustrating an amplifier which inverts the phase of 

IM3 with respect to the basic wave according to a fourth embodiment of the 
5 present invention. This embodiment uses the base-emitter of bipolar 

transistor 26 instead of diode 24 in the third embodiment. Accordingly, since 

the fourth embodiment is identical in effect and operation to the third 

embodiment as well as to a fifth to a sixth embodiment, later described, they 

will be jointly described in the sixth embodiment. 
10 [0104] 

(Fifth Embodiment) 

Fig. 32 is a diagram illustrating an amplifier which inverts the phase of 

IMS with respect to the basic wave according to the fifth embodiment of the 

present invention. This embodiment uses the base-emitter of bipolar 
15 transistor 27 for diode 23 of the third embodiment. Accordingly, since the 

fifth embodiment is identical in effect and operation to the third embodiment, 

fourth embodiment, and sixth embodiment, later described, they will be jointly 

described In the sixth embodiment. 

[0105] 

20 (Sixth Embodiment) 

Fig. 33 is a diagram illustrating an amplifier which inverts the phase of 
IM3 with respect to the basic wave according to the sixth embodiment of the 
present invention. This embodiment uses the base-emitter of bias supply 
transistors 26, 27 for diodes 23, 24 in the third embodiment. Accordingly, 

25 the sixth embodiment is identical to the third to fifth embodiments in effect 
and operation. 
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[0106] 

In regard to the operation of the third to sixth embodiments, the phase 
of IMS is inverted with respect to the basic wave for reasons substantially 
identical to the first to second embodiments. Since this embodiment is 
5 identical to the third to fifth embodiments in effect and operation, the sixth 
embodiment will be given as an example to describe them together. 
[0107] 

Fig. 34 is a diagram for describing the sixth embodiment of the present 
invention. In Fig. 34, impedance element 25 in Fig. 33 comprises a parallel 
10 circuit of a serial circuit of resistor 30 and resistor 31 with capacitance 32. 
Also, reference power supply 36 identical in configuration to the third 
conventional amplifier illustrated in Fig. 6 is used for reference power supply 
5. 

[0108] 

15 A GaAs hetero-junction bipolar transistor (HBT) was used for a 

transistor model for analysis, and five unit HBTs, each having an emitter 
area of 120 /z m2 and connected in parallel, was used for amplifying 
transistor 1, resistor 30 of impedance element 25 was comprised of five 250 
Q resistors connected in parallel, which also served as a ballast resistor of 

20 transistor 1 , and a 1-kQ resistor was used for resistor 31 . An HBT having 
an emitter area of 120 fx m2 was used for bias supply transistor 27. Also, 
an HBT having an emitter area of 30 ix m2 was used for bias supply 
transistor 26. Transistors 15, 16 of reference power supply 36 that have an 
emitter area of 30 ix m2 were used. A wire line having a length of one 

2S quarter wavelength with respect to the basic wave was used for load 6, and 
3.5-V regulated voltage sources were used for collector power supply 7 and 
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bias power supply 12. 
[0109] 

Fig. 35 shows the relationship between the basic wave and IM3 when 
the output power was 2 dBm, that resulted from an analysis in which the 

5 circuit parameters of reference power supply 36 and control power supply 20 
were set such that the collector current of amplifying transistor 1 was 5 mA 
when no input signal was applied from input terminal 10, and two waves, 
f1=1948 (MHz) and f2=1952 (MHz) were applied as the basic wave. Here, 
the magnitude of iM3 is enlarged by a factor of 50 for purposes of illustration. 

10 IM3 is in opposite phase to the basic wave. 
[01101 

Fig, 36 shows the relationship between an instantaneous value of an 
emitter potential of transistor 26 and a current supplied from the emitter of the 
same transistor 26. This diagram shows load lines, which represent an 

15 internal impedance of transistor 26. Two lines shown in the figure represent 
load lines near a maximum amplitude (at the moment at which two 
frequencies are just added to each other) when two frequencies are supplied 
to provide 10 dBm and -3 dBm output. As can be seen from the figure, it is 
understood that as compared with a small amplitude, when a large amplitude 

20 is supplied, the output impedance of transistor 26 is extremely small when 
the base potential is reduced. 
[0111] 

The sixth embodiment is identical to the first to second embodiments in 
that the change in impedance compresses the instantaneous value of the 
25 amplitude applied to amplifying transistor 1 . and the basic wave at the output 
is in opposite phase to IM3. Advantages provided by employing the third to 
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sixth embodiments are as follows. In the first to second embodiments, the 
impedance element comprises a circuit having a real part of impedance such 
as the parallel circuit of a resistor and a capacitor, so that when input 
matching is performed, energy is consumed by the real part of impedance to 
5 cause a loss. Also, since the resistor supplies a bias current to amplifying 
transistor 1 , the value cannot be unreasonably increased. With the 
employment of the third to sixth embodiments, a bias current can be supplied 
to amplifying transistor 1 by bias supply transistor 27, so that the value of 
resistor 31 can be increased to prevent high frequencies from passing 
10 through the resistor side. 
[0112] 

Also, while this embodiment does not particularly employ a technique 
for reducing the impedance of the reference power supply in regard to high 
frequencies, similar effects can also be obtained when the bases of bias 
15 supply transistors 26 and 27 are grounded using capacitances. 
[0113] 

(Seventh Embodiment) 

Figs. 37 and 38 are diagrams each illustrating a multi-stage amplifier 
showing a seventh embodiment of the present invention. In Fig. 38, 80, 82, 

20 84 designate matching circuits, and 81 , 83 designate amplification stages. 
As illustrated in Fig. 38, in a multi-stage amplifier having two or more 
amplification stages which have a gain extension characteristic that presents 
an increase in gain in response to an increase in input power or output power 
within a certain range of the input power or output power, an amplitude 

25 compression mechanism at high frequencies is provided at the input of a 
stage other than the final stage. 
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[0114] 

The amplification stage having the amplitude compression mechanism 
is not used at the final stage because an amplifying transistor at the final 
stage generally has the largest size of all amplifying transistors and therefore 
5 presents a low input impedance, so that it is difficult to control such that IM3 
is in opposite phase to the basic wave. 
[0115] 

Figs. 39, 40, and 41 are diagrams for describing this embodiment. 
This embodiment employs an amplification stage identical in configuration 

10 (Fig. 25) to the first embodiment as the amplification stage in which the 
amplitude compression mechanism at high frequencies is provided at the 
input. Three unit HBT's, each having an emitter area of 180 /x m2 and 
connected in parallel, were used for first-stage amplifying transistor 61, 
resistor 43 of impedance element 62 was comprised of three 250 Q resistors 

15 connected in parallel, which also served as a ballast resistor of transistor 61 , 
and three 0.8-pF capacitances were connected in parallel to form 
capacitance 44 of impedance element 62. An HBT having an emitter area 
of 60 M m2 was used for bias supply transistor 42. 
[0116] 

20 24 unit HBT's, each having an emitter area of 180 is m2 and connected 

in parallel, were used for final-stage amplifying transistor 71, resistor 53 of 
impedance element 72 was comprised of 24 resistors of 250 Q connected 
in parallel, which also served as a ballast resistor of the transistor, and 24 
0.8-pF capacitances were connected in parallel to form capacitance 54 of 

25 impedance element 72. Two HBT's each having an emitter area of 120 ^. 
m2 were used for bias supply transistor 52. HBT's having an emitter area of 



41 



30 M m2 were used for the transistors of reference power supplies 35 and 46. 
A 3-pF capacitance was used for capacitance 39 in reference power supply 
35. Transmission lines, each having a length of one quarter wavelength 
with respect to the basic wave, were used for loads 66, 67, and 3.5-V 
5 regulated voltage sources were used for collector power supplies 67, 77 and 
bias power supplies 36, 56. 
[0117] 

Fig. 41 is a diagram showing the gain and a change in ACPR with 
respect to the output power, resulting from a measurement, with a W-CDMA 

10 signal applied to the amplifier, wherein parameters of reference power 
supplies 35, 46 and control power supplies 45, 49 were set such that the 
collector current of amplifying transistor 61 was 5 mA when no input signal 
was applied from input terminal 60, and the collector current of amplifying 
transistor 71 was 15mA when no input signal was likewise applied from input 

15 terminal 55. Fig. 41 also shows the gain and a change in ACPR with 

respect to the output power, which were measured only in the amplifier at the 

final stage, illustrated in Fig. 40, for purposes of comparison. 

[0118] 

In Fig. 41 , ACPR, when measured in the multi-stage amplifier at the first 
20 stage and at the final stage, is kept lower than ACPR when measured only in 
the amplifier at the final stage in a range of the output power from 10 dBm to 
25 dBm. In other words, distortions at the first stage and final stage are 
cancelled out in this power range. When the gain only at the final stage is 
compared with the gain at the first stage and final stage, the difference in 
25 gain increases in a range of the output power from 10 dBm to 25 dBm, so 
that it is understood that the gain is extended both at the first stage and final 
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stage in this power range. 
[0119] 

In the foregoing, in which GaAs hetero hetero-junction bipolar 
transistors (HBT), which excel in high frequency characteristics, have been 
5 employed for the transistors, it goes without saying that similar effects can be 
produced as well using other bipolar transistors such as SiGe-HBT, Si-bipolar 
and the like. 
[0120] 

Also, while the reference power supplies of the bias circuits employed 
10 above are those described in Japanese Patent No. 3377765 and JP-A-2002- 
9559, it goes without saying that similar effects can be produced as well 
using any circuit which acts as a reference power supply, such as a reference 
power supply using a two-layered diode or an avalanche diode, another 
current mirror circuit and the like. 
15 [0121] 

Also, while the reference power supply is grounded through a 2-pF^ 
capacitance to present a sufficiently low impedance in a high frequency 
range, similar effects can be produced as well when a different capacitance 
value is provided, or an element other than the capacitance (for example, an 
20 active capacitor) is used to reduce a high-frequency impedance. 



